Popliteal cysts (Baker cysts) are a relatively common finding in patients aged Ͼ50 years, presenting with knee pain or knee pathologies that disturb the synovial fluid dynamics, including arthritis, most commonly, 1 meniscal tears, or rarely, gout. 2, 3 The presence of a popliteal cyst varies by the population studied and on the imaging technique used for diagnosis. A magnetic resonance imaging (MRI) study of 400 consecutive patients referred with knee problems revealed a popliteal cyst in 77 patients (19%). 4 In a patient population with suspected deep vein thrombosis (DVT), duplex ultrasound studies showed a lower presence of popliteal cyst. Volteas et al 5 demonstrated a 4.1% prevalence of underlying popliteal cyst in 1000 patients undergoing venous duplex scanning, whereas Langsfeld et al 6 established a 3.1% prevalence (95 patients) in a similar group of 3072 patients. Another retrospective study determined the incidence of popliteal cysts was 4.7% among patients aged 6 to 89 years old who were referred for symptoms consistent with knee pathology. 7 Knee pathologies can predispose synovial fluid to accumulate within the tendon bursas of the knee, most often causing ballooning of the bursas (usually the semimembranosus tendon bursa) within the popliteal fossa. Previous investigators have studied the usual predisposition of the cyst to migrate in a medial fashion. A 2004 prospective study designed to investigate the etiology of this cyst concluded that a popliteal cyst usually develops in the posteromedial popliteal fossa due to lack of anatomic support in this area of the synovial capsule. 8 The accumulation of fluid within the bursa in this medial anatomic location within the knee typically spares the posterolaterally located neurovascular bundle.
The developing cyst may occasionally migrate posterolaterally and cause compression of one or more components of the popliteal neurovascular bundle. Symptoms of nerve entrapment manifest as tibial or sciatic neuropathy, resulting in gastrocnemius muscle atrophy, [9] [10] [11] [12] [13] [14] [15] [16] [17] or rarely, common peroneal neuropathy. 15 Popliteal vessel compression can also cause a true thrombophlebitic 18 or pseudothrombophlebitic syndrome, 19, 20 and in rare cases of arterial compression, claudication of the lower extremity can occur due to intermittent ischemia. [21] [22] [23] [24] [25] The differential diagnosis for syndromes associated with compression of the neurovascular bundle include intraneural ganglion cyst of distal divisions of the sciatic nerve, [26] [27] [28] adventitial cyst of the popliteal artery, thrombophlebitic syndrome caused by DVT of the lower extremity, 18, [29] [30] [31] [32] synovial sarcoma of the knee joint, popliteal entrapment syndrome, posterior compartment syndrome of the lower leg, [33] [34] popliteal artery aneurysm, and Baker cyst. A popliteal cyst may be comorbid with a number of these conditions, including communication of the cyst with an adventitial cyst of the popliteal artery, 35 development of a synovial sarcoma within the cyst, 36, 37 and also rupture of the cyst, resulting in the acute development of a compartment syndrome. 38, 39 It is crucial that the true cause of compression be identified because it directly affects treatment options.
Prior experience documented in the literature is limited to case reports and brief case series on this rare presentation of Baker cyst, and the goal of our study was to perform a systematic literature review that would index the cumulative experience with compression phenomena of the popliteal fossa. No current comprehensive reviews of the literature have been published on this subject.
METHODS
The MEDLINE database was used to conduct a complete literature review to identify existing publications of case reports or series of atypical presentations of popliteal cysts involving compression of the neurovascular bundle. Our search used the following terms: Baker('s) cyst/popliteal cysts, tibial nerve compression, posterior compartment syndrome, pseudothrombophlebitis, intermittent claudication, popliteal fossa, and calf atrophy. Synovial sarcoma, adventitial cysts, and knee effusion were used as exclusionary search terms to prevent overlap with other isolated conditions responsible for popliteal neurovascular compression. In an extensive manual search, all relevant references yielded by the initial MEDLINE search were reviewed. A publication date filter was not used, and articles that appeared as early as 1964 through to the present-day were included. We limited our search to reports published in the English language.
As publications were screened, they were indexed into five categories by the syndrome manifestation of the compression: arterial compression, venous compression, nerve compression, compression causing posterior compartment syndrome, and other unusual conditions incongruous with the first four. Our review highlighted the major findings and yielded a wide differential diagnosis for compression of the neurovascular bundle in the popliteal fossa.
Because the condition in which the popliteal cyst dissects laterally toward the major nerves and vessels of the popliteal fossa is exceedingly rare in clinical experience and in the literature, most existing publications represent only case reports and short case series and have limited followup. We present two real-patient clinical vignettes to further illustrate the complications that arise with popliteal neurovascular bundle compression.
CASE REPORTS Patient 1.
A 52-year-old man presented to the emergency department with right calf swelling and pain in the posteromedial popliteal fossa. Ultrasound examination demonstrated a 5-ϫ 8-cm cyst, and at the time, no DVT was diagnosed. The difference in calf circumference between the affected and normal extremity was 3 cm. The patient's medical history was significant for a medial meniscus injury of the affected leg that was managed conservatively.
After initial cyst presentation in the emergency department, the patient was sent home with a prescription for nonsteroidal anti-inflammatory drugs and bed rest. He returned to the hospital 2 days later because of increased swelling and pain. The difference in calf circumference between the affected and normal leg had increased to 6 cm, swelling extending down the leg, and ecchymosis of the medial malleolus was evident.
Ultrasound imaging revealed a large ruptured Baker cyst containing fluid and hematoma dissecting between the medial head of the gastrocnemius muscle and the subcutaneous tissue, as well as between the gastrocnemius and soleus muscles, which were significantly compressed (Fig 1) . Concurrently, a thrombus was identified in the popliteal vein, which was partially compressed at the level of the cyst. He soon developed shortness of breath, and an emergency computed tomography angiography of the lungs revealed bilateral pulmonary emboli, but anticoagulation was contraindicated due to the expanding hematoma in the calf.
A measurement of compartment pressures was sufficient for diagnosis of compartment syndrome. The patient underwent placement of an inferior vena cava filter at the infrarenal level through the right common femoral vein, and fasciotomy and evacuation of the hematoma were performed, after which anticoagulant therapy was commenced. An ultrasound scan before discharge indicated decompression of the popliteal vein and a reduced, residual thrombus. No further complications developed, and the patient was discharged 8 days after the initial admission. Case reports (n ϭ 2) Popliteal cyst presenting in patients with polyarthritis; one patient had tibial nerve entrapment and the other had common peroneal nerve entrapment. Nakano 12 (1978) Case series (n ϭ 5) Popliteal cyst presenting with motor weakness and diminished sensation in four patients with rheumatoid arthritis and presented with foot-drop in a patient after trauma to the knee.
EMG, Electromyography; F, female; M, male; MRI, magnetic resonance imaging; US, ultrasound.
JOURNAL OF VASCULAR SURGERY Volume 54, Number 6 He was seen at the clinic a week later with no complaints and only minor discomfort from the incisions at the fasciotomy site. Follow-up assessments at 1 month and 6 months (clinically and with ultrasound) revealed mild chronic changes, with venous wall thickening and some remaining thrombus, with mild segmental reflux. At the 1-year clinical follow-up, the patient complained of mild swelling and pain that was worse toward the end of the day when standing for long periods of time.
Patient 2. A 63-year-old woman presented at the clinic with pain and swelling on the left lower leg that progressively worsened, as well as burning and tingling sensations in the affected limb. Physical examination was unremarkable, so no action was taken at that time, and rest was advised. Eight months later, the pain significantly increased without notable swelling. The patient was referred by her primary care physician to the hospital for a vascular consult and evaluation and a neurology workup for her pain and paresthesias. Other than her age, she had no major risk factors for DVT.
An ultrasound study performed to rule out chronic venous disease and DVT revealed no evidence of reflux or venous obstruction; however, a large cyst (7.2 ϫ 6.4 cm) was found in her left popliteal fossa, extending posterolaterally near the neurovascular bundle (Fig 2) . The cyst had a mixed appearance, with fluid and clotted blood.
The patient was referred to an orthopedic surgeon and a neurologist, who determined that she had tibial neuropathy as a result of compression from the cyst over the neurovascular bundle. The cyst was surgically removed, and a week later when the patient recovered from the surgery, only mild symptoms remained, likely due to the long-term nerve compression.
At 3 and 8 months of follow-up, she had very mild symptoms that did not affect her quality of life, and both of her legs were close to symmetric. An ultrasound scan did not demonstrate the presence of a cyst or hematoma in the popliteal fossa, and the neurovascular bundle was free from any compressing phenomena.
RESULTS
A total of 30 publications fit the criteria for our search, representing 73 described patients. Because the cumulative experience in the literature is limited, a meta-analysis was not possible. Also, the variability in the reported sizes of the cysts throughout the literature prevented determination of the minimum cyst size required for symptomatic presentation. However, our thorough review provided insight into the relative occurrence of each type of compression phenomenon. Relevant information from each report was extracted and organized by specific compression syndrome. The anatomic relationship of structures in the popliteal fossa and the effect of lateral cyst migration are illustrated in Fig 3. Tibial neuropathy due to popliteal cyst entrapment, illustrated in patient 2, was documented in 16 patients (22% of the reports in the literature) and is a common manifestation of neurovascular compression because it is the most superficial and medial structure in the popliteal fossa (Table I) . The results of our search demonstrated that pseudothrombophlebitis secondary to venous compression is most frequently reported, with 46 patients total (63% ;  Table II ). Popliteal vein compression can often mimic the symptoms of DVT or ultimately result in thrombosis, or both, as seen in patient 1.
No evidence of thrombus is detected in most patients with Baker cyst presenting with pseudothrombophlebitic symptoms; however, DVT was found in three patients. One patient in the report by Chaudhuri et al 30 presented with true thrombosis of the calf, which was most likely due to the increased pressure in the vein caused by the popliteal cyst. Both patients described by Gordon et al 18 were treated for DVT based on filling defects detected by venography. None of the patients encountered in our search experienced venous thromboembolism. Finally, isolated arterial compression is the least common phenomenon reported in the literature, with only five patients representing 7% of the patients uncovered in our search (Table III) . Two patients with arterial occlusion also exhibited nerve symptoms, but it is not clear whether these were due to compression by the cyst or ischemia. 22, 24 None of the case reports described concurrent symptoms of venous compression.
Cases demonstrating cystic rupture and the development of compartment syndrome, an emergency condition causing compression of all neurovascular and muscular structures, are described in Table IV and represent 4% of the total. Compartment syndrome, which developed emergently in patient 1, requires immediate surgical intervention to prevent permanent morbidity to the affected limb. Reports of other comorbid conditions, such as an adventitial cyst, synovial sarcoma, or multiple compression phenomena are exceedingly rare, comprising 4% of published case reports meeting our search criteria (Table V) .
The cases encountered in the literature spanned several decades, and various techniques were used to identify and diagnose the Baker cyst lesion. Methods included MRI, Doppler ultrasound imaging, fluid analysis, electromyelography, physical examination, and contrast imaging (including arthrography and venography). The most frequently used methods for diagnosing Baker cyst nerve entrapment were MRI and Doppler ultrasound imaging. For vascular compression syndromes, contrast imaging appeared most often among diagnostic methods.
DISCUSSION
The typical presentation for laterally migrating cysts includes any neural or vascular symptoms, or combination thereof. Compression occurs as the cyst grows in size and occasionally expands laterally to compress the tibial nerve, which is the most medial and superficial component of the neurovascular bundle. Rarely, the cyst expands superiorly and compresses the sciatic nerve. 14 For tibial nerve compression, gastrocnemius muscle atrophy can be observed. In addition, as the cyst develops, the patient may experience other clinical symptoms suggestive of neuropathy, including pain, burning sensations, and paresthesias. As shown in the above patients, however, relief of pressure can resolve these symptoms and restore tibial nerve function.
Owing to the anatomic location of the nerve, entrapment neuropathy is a frequently observed symptom of this condition; however, the vascular components of the popliteal vasculature are also subject to compression, including the vein, which is next most medially located and easily compressible compared with the artery, which is most lateral and least frequently involved. In rare instances in which the popliteal artery is compressed by the Baker cyst in a pulsatile fashion, the patient can experience lower extremity claudication due to intermittent ischemia to the limb. [21] [22] [23] [24] [25] The popliteal artery is deeper and stiffer than the vein, requiring higher force to produce compression, and so the incidence of this syndrome is least likely, especially in isolation of nerve or venous symptoms. None of the reported cases of arterial occlusion mentioned venous compression. The vein is likely to have been compressed as well, but this could have been ignored as the symptoms of arterial compression were of greater clinical importance.
After resection of the cyst, compression of either vessel was relieved.
Compression of the vein can lead to pseudothrombophlebitic symptoms, including swelling, lymphedema, pain, and discomfort. If there is bleeding into the cyst or cystic rupture, laboratory tests may reveal a positive D-dimer, which could lead to misdiagnosis and unnecessary and possibly harmful treatment with anticoagulant therapy. The resultant compartment syndrome from the accumulating hematoma can result in muscle death and limb loss and requires immediate surgical intervention. If true thrombosis of the vein occurs, as in patient 1, the long-term clinical course may ultimately lead to postthrombotic syndrome, which develops in as many as one-third to one-half of patients with DVT. 37 Chronic insufficiency of lower limb veins causes significant morbidity, including swelling, skin changes, and chronic pain. 40 Combinations of these are most frequently encountered in the development of compartment syndrome secondary to a ruptured cyst. 38, 39 As the cyst expands, it can potentially dissect between the gastrocnemius and soleus muscles or between the medial and lateral heads of the gastrocnemius muscle, and ultimately rupture. Cyst rupture often mimics thrombophlebitic symptoms, including swelling and pain of the affected limb. We identified several patients in our center with cyst rupture and concomitant DVT but did not include them in this study because the cyst was not compressing the popliteal vein and was not directly responsible for the thrombus. The relative reporting of each encountered compression syndrome reflects the anatomy and compressibility of the neurovascular bundle contents; however, their incidence may be disproportionately represented due to reporting bias of this rare condition and absence of prospective data. Because the consequences of undiagnosed DVT are potentially catastrophic and anticoagulant therapy is not without complications, identifying the cause of thrombophlebitic symptoms in the patient is medically urgent, and therefore, the differential diagnosis becomes paramount. Isolated tibial neuropathy due to Baker cyst, which is comparatively less serious and emergent, may be misdiagnosed or undetected and therefore under-represented in the literature. The decision to submit a case report, then, is at the discretion of the encountering physician and is not necessarily representative of the overall clinical experience with this syndrome.
CONCLUSIONS
Accurate diagnosis is crucial for determining the course of treatment for the patient. Intervention can be surgical or conservative, depending on whether there is precipitating knee injury ultimately responsible for the development of the cyst. 8, 41 Because rupture of the cyst may lead to the development of a critical compartment syndrome, patients with an elevated risk to develop venous thrombosis and pulmonary embolism should be carefully monitored because their management and treatment is informed by their potential to bleed into a synovial cyst. A complete differential diagnosis for pseudothrombophlebitic syndrome of the lower limb that includes a Baker cyst should involve venous duplex scanning and ultrasound imaging to rule out thrombosis and avoid unnecessary anticoagulation and potential bleeding into the cyst. In our patients, development of compartment syndrome due to cyst rupture necessitated fasciotomy, but nonsurgical management of unruptured cysts may be achieved. Management of a prior knee injury that resulted in cyst development may prevent or abate growth and spread of the popliteal cyst.
Because of the rarity of this condition, the cumulative experience with Baker cyst compression phenomena is short, and therefore, no particular treatment recommendations can be made. The cases recorded in the literature are also limited in their length of follow-up, with a maximum reported of up to 2 years. Baker cyst is by definition a chronic condition, and in the prevention of cyst recurrence, ultimately patient management must include long-term monitoring of symptoms. Despite the limitations of this review, it does illustrate the importance of including this syndrome in the differential diagnosis of patients presenting with symptoms that could be sequela of popliteal fossa compression syndromes. It also demonstrates that patient follow-up is necessary to monitor recovery of nerve function and vascular status. The patients in our experience, as described above, regained motor and sensory function of the affected lower limb, indicating recovery from tibial neuropathy; however, the possibility of development of long-term complications suggestive of venous insufficiency remains. 
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